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(57) Abstract: A method of patterning electrically conductive polymers is: forming a surface of a conducting polymer on a substrate, 
applying a mask to this surface, applying irradiation to form regions of exposed conducting polymer and regions of unexposed 
conducting polymer, removing the mask, and gently removing by non-chemically reactive means the regions Of exposed conducting 
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METHOD OF PATTERNING ELECTRICALLY CONDUCTIVE POLYMERS 
Technical Field 

The present invention relates to an inexpensive and simple method to selectively pattern conducting polymer film on 
a substrate. 

Background Art 

Most electronics devices such as liquid crystal displays (LCDs) and organic light emitting devices (OLEDs) require 
electrically conductive and transparent electrodes. Typically, Li 2 0 3 :Sn (TTO) is used as electrode since it is highly 
conductive and transparent in the visible region (400~800nm). ITQ can be vapor-deposited, sputtered or chemically 
or pulsed laser vapor deposited (CVD) onto glass or plastic substrates. TTO films with a surface resistance of less than 
500 £l/square and a high transparency of > 80% can be easily obtained using these deposition methods. However, the 
production of ITO must be carried out under vacuum and is very costly. Also, an additional multi-step 
photolithographic process is necessary to provide the substrate with the desired pattern geometry for the specific 
application. The photolithographic patterning method employs various chemicals including cleaning solutions, 
photoresist/solvent, acidic etchant, developer and stripper, most of which are environmentally toxic and hazardous. 

It is known that polymers can be electrically conductive when they are in a polyconjugated form. However, due to a 
relatively large band gap of 1 .5-4eV, they are intrinsically insulating or have very low conductivity. The conductivity 
of these semiconductor polymers can be dramatically increased, by doping them with the proper oxidizing agent such 
as \i FeCl 3 , sulphonates, perchlorates, AsF 5 and S0 3 The positive charges generated on the polymer are compensated 
by the negatively charged counter ions. The doped conducting polymers are generally soluble in organic solvents and 
some are even soluble in water depending on the substituents and polymerization methods. The surface resistance of 
the conducting polymeric films is found to be in the range of -100-200 Q/square which is very comparable to values 
reported for metal oxides such as ITO. They can be processed by various methods such as spin or spray coating and 
inkjet printing onto various rigid and flexible substrates. Due to their high conductivity and ease of processability, these 
conducting polymers have attracted much attention as potential electrodes for display devices such as LCDs and 
OLEDs, interconnection in integrated chips and printed circuit boards. Other electronic applications include antistatic 
and electromagnetic shielding. It has been shown that the light emitting devices made with a transparent conducting 
polymer anode yield improved performance over a conventional ITO anode. The improvement is due to the ability 
of the polymer anode to make a reproducibly clean interface that substantially slows the device degradation. 

However, as with conventional anode materials, the conducting polymer needs to be patterned with a suitable geometry 
design for a specific device. For example, a 80mm x 20mm size passive matrix OLED with 256 x 64 pixels, the 
conducting layer is typically patterned in a series of stripes with a -100 pan width and -100 fan gap between the 
stripes. Therefore, it is extremely important to explore new cost effective methods for patterning materials used for 
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baking of the substrate, polymer, and resist at 100 degrees Celsius for three minutes. The substrate is then exposed 
to light with a wavelength of 380 nm, followed by post-exposure baking. The substrate is then developed or 40 seconds 
in a 20% solution of AZ303 developer. Immediately after development, the substrate must be rinsed with DI water 
for 40 seconds. The substrate is then dried at 90 degrees Celsius for 1-3 minutes, followed by full-plane exposure. 
The resist is now stripped using methoxypropanol for 30 seconds, followed by a DI water rinse. After the water rinse, 
the substrate is again dried at 90 degrees Celsius for 1-3 minutes. 

These established methods have several disadvantages including complicated processing, cross talk, and leak current 
issues. In addition, the optical transparency of the organic monomers, oligomers or polymers changes upon UV 
irradiation due to photo-induced reactions such as photo-degradation, photo-polymerization and photo-cross-linking. 
This results in an optical or spectral shift as well as a change in the transparency of the conducting polymer between 
the exposed part and the unexposed part, that is obvious to the naked eye. Even slight optical changes are 
disadvantageous, especially in display devices, since such optical differences must be additionally compensated for 
with a modulator or controller. Ideally, the non-conducting portion of the film should be removed completely, leaving 
only the patterned area as seen in conventional LCD displays. Therefore, the development of a new and simple 
technique to selectively pattern conducting polymers is necessary for their realization as electrodes in electronic 
devices. This invention provides a unique method to pattern conducting polymers in a simple, economical and 
environmentally safe manner. 

Disclosure of Invention 

Accordingly, it is one object of the present invention to provide a novel method for patterning conducting polymer 
surfaces. 

It is another object of this invention to provide a method for preparing patterned conducting polymer surfaces which 
affords patterns of conducting polymer. 

It is another object of this invention to provide an inexpensive Mid simple method for patterning conducting polymer 
surfaces. 



It is another object of this invention to provide a method for patterning conducting polymer surfaces which affords 
patterns of conducting polymer exhibiting good optical transmission properties. 

These and other objects, which will become apparent during the following detailed description, have been achieved 
by theinventors' discovery thatpattemed conducting polymer surfaces exhibiting excellent properties may by prepared 
by: 
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organic layer is critical to the performance of electronic and semiconductor devices, and has been a major issue in this 
industry for decades. It is well known that the surface of glass, silicon wafer, metal oxides and plastics can be modified 
by various chemical and physical treatments. For example, hydrophilic surfaces on amorphous Si, crystalline Si, and 
Si0 2 can be conveniently obtained upon treatment with a solution of 30% and concentrated HjSO^ Also it has 
been reported that silicon wafers become completely hydroxylated upon irradiation in the vacuum UV. Kim et al. 
reported that oxygen-plasma treatment of ITO induces a high polarity and total surface energy, resulting in an 
improvement of the interface formation between ITO and light emitting polymers, and therefore, improving the 
performance of light-emitting diodes. Oxygen plasma treatment of polyethylene terephthalates (PET) films creates a 
surface rich in alcohol, carbonyl and carboxyl groups and thus more hydrophilic. 

FIG. 1 is a schematic of a typical OLED device structure. In one embodiment of this invention, the substrate 10 is a 
glass substrate and the conducting polymer 20 is PEDOT:PSS (130 ran). On the surface of the patterned polymer can 
be applied a layer of TPD (50 nm) 30, then on top of the TPD 30 can be applied a layer of Alcfe (70 nm) 40. Next, in 
this one embodiment, can be applied Mg:Ag (160 nm@18:l) 50. 

In this invention disclosure, a simple and environmentally friendly procedure to finely patterning conducting polymers 
20 on various substrates 10 is described. This method utilizes a photo-irradiation technique to weaken the adhesion 
properties between organic materials such as conducting polymers 20 and various substrates 10. The organic materials 
are easily removed by rinsing or sonicating the substrates in mild solvent or water. This method has been demonstrated 
to work well on several types of substrates including glass (Corning 1737F), ITO (1000A, Applied Films), PET films 
(Du Pont Melinex) and p-doped Si wafers (International Wafer Services). Other possible substrates include: quartz, 
silica, silicon nitride, alumina, aluminum nitride, titania, titanium nitride, diamond, waxes, polyesters, polyvinylacetate, 
polyolefins, polyethers, polyvinylmethylehter, polyvinylbutylether, polyamides, polyacrylamide, polyimides, 
polycarbonates, polysulfones, polyketones, fluoropolymers, aromatic hydrocarbon polymers, acrylate and acrylic acid 
polymers, phenolic polymers, polyvinylalcohol, polyamines, polypeptides, siloxane polymers, polyvinylchloride, 
polyvinylbenzylchloride, polychlorostyrene, polyvinylbutyral, copolymers thereof, and mixtures thereof. 

The method is described in general terms followed by several specific examples. The substrates 10 must 
initially be thoroughly cleaned using conventional methods. Oxygen plasma treatment may be applied where high 
adhesion properties are required. The conducting polymer 20 is spin-coated onto the substrate 10 after filtration 
through a 0A5pan PVDF filter. Possible conducting polymers include: polyacetylenes, polydiacetylenes, 
polyparaphenylenes, polypyrroles, polythiophenes, polybithiophenes, polyisothiophenes, polyphenylvinylenes, 
polythienylvinlenes, polyphenylenesulfides, and polyanilines. Preferable conducting polymers include solvent soluble 
and/or water soluble forms of polypyrroles, polyanilines, polythiophenes, their derivatives, and mixtures thereof. 
Possible spin coating parameters are speeds between 100 to 5000 rpm for about 5-500 seconds. A small amount of 
alcohol or surfactant may be added to the dispersion before spin coating to increase the uniformity and adhesion 
property of the film. A process , either chemical or physical, to promote the adhesion properties can be applied prior 
to or together with the coating. The film is subsequently heated, resulting in a pinhole-free film with excellent optical 
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Table 1. Changes in surface resistance of polymer films before and after sonication. 



130nm thickness film 


280nm thickness film 


Before Sonication: 

Ten measurement (1.93 kQ/sq to 2.42 kQ/sq) 
Ave. 2.13 kQ/sa 
After Sonication 

Ten measurement (1.56 kQ/sq to 2.49 kQ/sq) 
Ave. 2.07 kQ/sq 


Before Sonication: 

Ten measurement (0.78 kQ/sq to 1.16 kQ/sq) 
Ave. 0.94 kQ/sa 
After Sonication: 

Ten measurement (0.68 kQ/sq to 1.09 kQ/sq) 
Avp.0.87kQ/sq 



EXAMPLE 2 

P-doped silicon wafer (International wafers) substrates were cleaned by sonicating the glass in a detergent 
solution for 5 min., 3 times in DI HjO for 5 min, 5 minutes in acetone, 5 min in isopropanol and finally dried with N 2 . 
They were treated with 0 2 plasma to enhance the hydrophilicity of the surface. An aqueous dispersion (PEDT/PSS or 
. PEDOT/PSS) of commercially available conducting polymer, Baytron P (Bayer, Poly(3,4-ethylenedioxythiophene) 
poly(styrenesulfonate) , was filtered through 0.45/im Millex PVDF filters and spin coated onto the substrates at speeds 
between 500 to 5000 rpm for 180 sec. Glycerol (0. 1-10 wt %) was added to the dispersion before filtration to further 
promote better adhesion properties. After spin coating, the film was annealed at 200°C for 3-10 minutes. The film 
was washed with methanol and dried with N 2 . The film was irradiated using a 254 nm UV lamp (~300fiW/cm? at a 6" 
distance) through a patterned photomask placed on top of the film. The irradiated polymer was then removed from the 
substrate by sonication in HjO, alcohol or a mixture of the two for 1 to 20 seconds. The surface resistance and optical 
transparency of the films were measured before and after sonication and found to be unchanged Patterned conducting 
polymer films with a resolution <10/zm was conveniently obtained using this method. 



EXAMPLE 3 

PET substrates were cleaned by sonicating the glass in a detergent solution for 5 min., 3 times in DI Bfi for 
5 min, 5 min in isopropanol and finally dried with N 2 . They were treated with 0 2 plasma to enhance the hydrophilicity 
of the surface. An aqueous dispersion (PEDT/PSS or PEDOT/PSS) of commercially available conducting polymer, 
Baytron P (Bayer, Poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) , was filtered through 0.45/im Millex 
PVDF filters and spin coated onto the substrates at speeds between 500 to 5000 rpm for 1 80 sec. Glycerol (0. 1-10 wt. 
%) was added to the dispersion before filtration to further promote better adhesion properties. After spin coating, the 
film was annealed at 140°C for 3-10 minutes. The film was washed with methanol and dried with N 2 . The film was 
irradiated using a 254 nm UV lamp (~300pW/cnf at a 6" distance) through a patterned photomask placed on top of 
the film. The irradiated polymer was then removed from the substrate by sonication in H 2 0, alcohol or a mixture of 
the two for 1 to 20 seconds. The surface resistance and optical transparency of the films were measured before and 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A process for patterning a conducting polymer surface, said process comprising the steps of: 

forming a surface of a conducting polymer on a substrate; 
applying a mask to said surface; 

applying irradiation to form regions of exposed conducting polymer and regions of unexposed conducting 

polymer; 

removing said mask; and 

gently removing by non-chemically reactive means said regions of exposed conducting polymer. 

2. The process of claim 1, wherein said substrate is selected from the group consisting of glass, quarts, silica, 
silicon, silicon nitride, alumina, aluminum nitride, titania, titanium nitride, diamond, waxes, polyesters, 
polyvinylacetates, polyolefins, polyethers, polyvinylmethylehter, polyvinylbutylethers, polyamides, 
polyacrylamides, polyimides, polycarbonates, polysulfones, polyketones, fluoropolymers, aromatic hydrocarbon 
polymers, acrylate and acrylic acid polymers, phenolic polymers, polyvinylalcohols, polyamines, polypeptides, 
siloxane polymers, polyvinylchlorides, polyvinylbenzylchlorides, polychlorostyrenes, polyvinylbutyrals, 
copolymers thereof, and mixtures thereof . 

3. The process of claim 1, wherein said conducting polymer is selected from the group consisting of cis and trans 
polyacetylenes, polythiophenes, polydiacetylenes, polyparaphenylenes, polypyiroles, polybithiophenes, 
polyisotMophenes, polyphenylvinylenes, polythienylvinlenes, polyphenylenesulfides, polyanilines, derivatives 

thereof, and mixtures thereof. 

• * . 

4. The process of claim 3, wherein said conducting polymer is doped. 

5. The process of claim 1, wherein said conducting polymer is polypyiTole. 

6. The process of claim 1, wherein said conducting polymer is polyaniline. 

7. The process of claim 1, wherein said conducting polymer is polythiophene. 

8. The process of claim 1, wherein said conducting polymer is PEDOTrPSS. 

9. The process of claim 1, wherein said irradiation is ultraviolet radiation. 

10. The process of claim 1, wherein the wavelength of said irradiation is < 400 m 

n 
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FIG.1 
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